Following the introduction of the 7-and 13-valent pneumococcal conjugate vaccines, we observed an inverse relationship between the increasing rate of immunized children and the proportion of middle ear fluid cultures collected during acute mastoiditis episodes that tested positive for Streptococcus pneumoniae among a subset of children 0 to 6 years old who had initially presented with severe acute otitis media and had bacterial cultures collected during tympanocentesis or from spontaneous otorrhea.
Statistical analysis was performed per AM episode (not per patient) using SPSS 17.0 software. Contingency table analysis for comparing rates between unmatched samples was performed using the chi-square test or Fisher's exact test, as appropriate.
A total of 279 children 0 to 6 years of age contributed 295 severe AOM episodes (16 children contributed 2 AOM episodes each). Of these children, 57 presented with 58 AM episodes (1 boy contributed 2 AM episodes), which resulted in an incidence rate of ϳ1 AM episode/5 severe AOM episodes in our study population. Table 1 displays the demographic and bacterial data of AM episodes in our study years. Boys and children Ͻ2 years of age insignificantly contributed more AM episodes (37 [64%] and 38 [66%]; P ϭ 0.4 and 0.9, respectively). AM developed despite adequate antibiotic therapy in 29 (50%) episodes. In these instances, oral antibiotics (mostly amoxicillin) and a combination of oral antibiotics and otic antibiotic solution treatments were administered for 24 (85%) and 4 (15%) episodes, respectively. The rest of the AM episodes (27 [50%]) presented in an abrupt, sudden manner, and no antibiotics had been given prior to admission. All of the patients were hospitalized and treated with intravenous antibiotic therapy for 7 to 10 days. The most common systemic antibiotics were cefuroxime and ceftriaxone, administered for 32 (55%) and 23 (40%) episodes, respectively.
In 3 (5%) AM episodes, advanced complications included internal jugular vein thrombosis (n ϭ 1), epidural abscess (n ϭ 1), and sepsis (n ϭ 1). Of the 55 (95%) blood cultures which were collected during hospitalization of the patients, only one culture grew S. pneumoniae, which also grew in the MEF culture from that child. All 3 (5%) cerebrospinal fluid cultures were negative. Surgical interventions were performed for 6 (10%) AM episodes; ventilating tubes were inserted during all of these episodes, and mastoidectomy was performed during 5 episodes.
In all of the AM episodes, MEF cultures were obtained; 21 (36%) were positive. When comparing data from 2008 to 2011 with those from 2012 to 2013, there were fewer negative MEF cultures, and there was a lower rate of AM patients previously treated with antibiotics (P ϭ 0.04). One single bacterial species grew in 19 (90%) of the specimens, and multiple bacteria grew in 2 (10%) of the specimens. S. pneumoniae and Haemophilus influenzae were cultured as single organisms in 16 (76%) and 2 (10%) specimens, respectively. In addition, S. pneumoniae grew in 2 other polymicrobial cultures with other bacteria, whereas H. influenzae grew in 1 polymicrobial culture. The proportion of S. pneumoniae in AM cultures declined from 2010. In 2012, only 1 MEF culture, from a 20-month-old boy who was not adequately immunized with PCV13 and presented with 2 AM episodes which were not treated with antibiotics prior to his presentation, grew S. pneumoniae. There was no growth of S. pneumoniae in MEF cultures in 2013.
The PCV status was retrieved for all the children. In 2008, none of the children was immunized with PCV, whereas in at least 90% of the AM episodes in 2011 to 2013, the children had been immunized with PCV7/PCV13, as shown in Fig. 1A . The dynamics of MEF bacteriology from AM episodes, by PCV status, are shown in Fig. 1B . Any-prior-PCV13-immunized children with AM had a significantly lower proportion of S. pneumoniae-positive MEF cultures, compared with unimmunized children or any-PCV7-immunized children (P ϭ 0.03 and 0.04, respectively).
Here, we show that following the introduction of PCV7 and, more prominently, the introduction of PCV13, the proportion of S. pneumoniae-positive MEF cultures from AM episodes significantly decreased.
To date, data on the effect of PCV13 on AOM and AM are limited. A recent insurance claim study from the United States showed that the AM incidence rate had already decreased shortly before the introduction of PCV13 (3). A steeper decline was observed in 2010 (introduction year) and 2011 (first U.S. postmarket year), almost in parallel to the similar downward trend in rates of AOM visits. In a different U.S. study, mastoiditis cases, which have been especially associated with serotype 19A isolates (covered by PCV13 but not by PCV7), had the greatest percent decrease in 2011, compared with the 3 years preceding the introduction of PCV13 (4) .
Due to the short interval between the introductions of PCV7 and PCV13 in Israel (spaced only 14 months), we were not able to witness any AM time trends after PCV7 introduction, as reported elsewhere (5) (6) (7) (8) (9) . While some studies reported decreased AM rates after the introduction of PCV7 (7, 10) , others found no change or even an increase (11) . This study's main strengths are in the reporting of MEF cultures, not relying on nasopharyngeal cultures, and knowledge of the exact PCV status for each child at his or her AM presentation. Therefore, we believe that our results truly reflect these children's tympanomastoid cavity colonization status during their AM episode(s). Limitations of our study include the small number of patients and the lack of serotype identification. Although our results may not be generalizable to all AOM patients, we believe that they are valid and show for the first time that AM incidence and bacteriology changed after the introduction of PCV13. Further studies are warranted to monitor all-cause and pneumococcal AM in the post-PCV13 era.
